. 1 H, 11 B, 13 C, and 31 P NMR spectra of 2 under 1 atm N 2 at ambient temperature. 31 P NMR spectra at variable temperatures show that the broad resonance is not due to fluxional processes, and is likely the result of quadrupolar coupling with 59 Co (I = 7/2) and 11 B (I = 3/2). Figure S2 . 1 H, 11 B, 13 C, and 31 P NMR spectra of 3 under 1 atm H 2 at ambient temperature. Crystallographic Measurements Figure S21 . Structure of 3 as determined crystallographically (left, two views) and optimized computationally (right, two views). Thermal ellipsoids are drawn at the 50% probability level. Hydrogen atoms, except for the calculated Co-bound hydrides, are omitted for clarity. Table S1 . Selected bond lengths (Å) and angles (°) for complexes 2 and 4 as determined crystallographically and optimized computationally. Table S2 . Selected bond lengths (Å) and angles (°) for the four crystallographically independent molecules of complex 3 (donated as 3, 3', 3'', and 3'''). Table S3 . Selected bond lengths (Å) and angles (°) for DFT-optimized isomers of complex 3, namely boryl cobalt trans-dihydride dihydrogen (A), boryl cobalt cis-dihydride dihydrogen (B), dihydridoborato cobalt dihydrogen (C, the optimized structure is the same as D), and dihydridoborato cobalt dihydride (D).
Computational Details

DFT optimized structural coordinates
S3
General considerations. Ligand 1 was prepared according to the reported procedures. The inset shows the spectrum obtained by subtracting blue from red. S14 Figure S15 . ATR-IR measured on a thin film of 3 under 1 atm H 2 (top). The conversion of 3 to 2 was accomplished by repeatedly dissolving/re-forming the thin film using C 6 D 6 under 1 atm N 2 .
S15
Catalytic hydrogenation of olefins. A J. Young NMR tube was charged with 2 (2% mol), olefins, and hexamethylbenzene (an internal standard) in C 6 D 6 . The tube was subjected to one freeze-pump-thaw cycle on a high-vacuum line. After back filling the tube with 1 atm H 2 , the tube was immediately sealed, frozen with liquid nitrogen, and brought to the spectrometer. Upon thawing, the color changed from blue to yellow in a period of 180 (10 mL) and transferred to a Schlenk tube. The mixture was allowed to stir at ambient temperature under 1 atm N 2 .
The color of the solution remained brown during the catalysis. To monitor the progress of the reaction, a small portion (~0.1 mL) of the mixture was transferred to a vial, diluted with C 6 D 6 , and quenched by filtering through silica gel under air. The resulting solution was monitored by 11 B NMR spectroscopy, and the identities of the products were assigned according to the literature. Figure S20 .
1 H and 11 B NMR spectra showing catalytic transfer hydrogenation of styrene using HMe 2 N-BH 3 .
S20
Crystallographic Measurements. The crystallographic measurements were performed at 100(2) K using a Bruker APEX-II CCD area detector diffractometer (Mo-Kα radiation, λ = 0.71073 Å). In each case, a specimen of suitable size and quality was selected and mounted onto a nylon loop. The structures were solved by direct methods, which successfully located most of the nonhydrogen atoms. Semi-empirical absorption corrections were applied. Table S1 . Selected bond lengths (Å) and angles (°) for complexes 2 and 4 as determined crystallographically and optimized computationally.
4
X-Ray DFT X-Ray DFT (3) 159.44 a X = N for 2; X = B2 for 4. Table S2 . Selected bond lengths (Å) and angles (°) for the four crystallographically independent molecules of complex 3 (donated as 3, 3', 3'', and 3''' ).
X-Ray X-Ray X-Ray X-Ray Table S3 . Selected bond lengths (Å) and angles (°) for DFT-optimized isomers of complex 3, namely boryl cobalt trans-dihydride dihydrogen (A), boryl cobalt cis-dihydride dihydrogen (B), dihydridoborato cobalt dihydrogen (C, the optimized structure is the same as D), and dihydridoborato cobalt dihydride (D).
A B D DFT DFT DFT
Co-B1 Isomer B Co 0.035900 -1.046300 -0.155400 P -2.142300 -0.711400 -0.079400 P 2.182200 -0.609300 0.043100 N 1.092700 1.812400 -0.082300 N -1.178700 1.734800 -0.451900 C -2.483300 1.117400 -0.572500 H -2.875200 1.166200 -1.607400 H -3.235500 1.584600 0.091300 C 2.378700 1.283400 0.322100 H 2.582600 1.485300 1.392500 H 3.224800 1.695900 -0.261400 C -0.816200 3.076300 -0.288100 C 1.244300 4.349000 0.183200 H 2.321500 4.389900 0.377200 C 0.603700 3.124400 -0.043400 C 0.469200 5.529500 0.160200 H 0.956600 6.494000 0.336500 B -0.005600 0.893100 -0.310600 C -0.915300 5.483200 -0.086500 H -1.494700 6.412100 -0.102200 C -1.573200 4.254700 -0.315600 H -2.651000 4.223900 -0.508500 H 0.091000 -1.978900 -1.387800 H 0.014700 -0.782700 1.282800 H 0.043800 -2.478600 0.389800 C -3.282000 -1.673100 -1.324100 C -2.567900 -1.661100 -2.698800 H -3.244800 -2.104300 -3.453200 H -1.644900 -2.259800 -2.685200 H -2.312500 -0.642400 -3.038900 C -4.682900 -1.044000 -1.523300 H -5.234200 -1.646300 -2.270500 H -4.629100 -0.015500 -1.918700 H -5.288500 -1.027800 -0.606900 C -3.425100 -3.140800 -0.864400 H -3.897700 -3.733200 -1.670800 H -4.063900 -3.234600 0.029100 H -2.442900 -3.591200 -0.640000 C 3.215400 -0.889200 -1.582800
